Back pain and deformity are common in adolescents. There has been extensive discussion in the lay literature as to the potential for back pain and spinal deformity with backpack use. The scientific literature on this subject is sparse but is increasing. Epidemiologic studies have identified risk factors associated with back pain in adolescents and daily use of a heavy backpack may be important. A book bag weighing more than 15% to 20% of a child's weight is associated with back pain, and improper use of the backpack can result in changes of posture and gait. There is no evidence that structural spinal deformity can result from backpack use. Children who experience back pain are at increased risk of having back pain as adults. The economic impact may be significant, because back pain is a major cause of disability in adults. The current authors review the available scientific literature and comments on this public health issue.
The use of heavy backpacks is common in the school age population. Increasing complaints of back and shoulder pain have resulted in increasing concern among school children, parents, educators, and healthcare professionals that the backpacks may be a significant contributing factor. Large, heavy backpacks are a relatively recent phenomenon resulting from various factors, including inadequate numbers of student lockers, less time between classes to get to lockers for students who have them, and larger textbooks. Sports bags, musical instruments, and other objects can add to the weight these children haul to school. Young children can be carrying as much as 30% to 40% of their body weight. Recent backpack designs attempt to provide better weight distribution and comfort, but unless the backpack is a safe weight and packed and worn appropriately, there is little benefit. Postural changes in the spine occur when heavy backpacks are worn. This elevates concern in the lay population that scoliosis and kyphosis may be caused or aggravated by backpack use. The metabolic demands of carrying heavy items to and from school may be significant in sedentary and often overweight children.
Back pain is epidemic in the adult population, with more than 2 ⁄ 3 of adults reporting having experienced back pain. 17, 41 Back pain has been reported to be the second leading reason for a visit to a doctor's office, accounting for more than 15.3 million visits in 1999. 10 The economic impact of back pain affects industry, where back problems are the most expensive type of injury claim, 60 and back pain is a major cause of worker's disability. 58 pain is common in adolescents, with 11% to 51.2% of children of all ages reporting that they experienced low back pain. 1, 2, 11, 18, 34, 41, 50, [61] [62] [63] 66 Neck and shoulder symptoms also seem to be a common complaint in high school students. 52 Concern with the high incidence of back pain in children resulted in an international conference on low back pain in children and adolescents in France in March 1999. 3 The occurrence of back pain in children increases with age. Taimela et al 61 reported that the prevalence of low back pain was 1% in children 7 years old, 6% in children 10 years old, and 18% in children 14 years old. Burton et al 5 reported that the prevalence of low back pain was 11.6% for 11-year-old children but increased to 50.4% for 15-year-old children. Similarly, Troussier et al 62 reported that the prevalence of back pain increased from 5.4% for children 6 years old to 84.1% for children 16 years old. The most rapid rate of increase in prevalence of reported back pain occurs in girls who are 12 to 13 years and in boys who are 13 to 14 years. 41 Viry et al 66 noted that this period corresponds to the time of puberty and maximum linear growth.
Risk Factors for Back Pain in Children
Epidemiologic studies have identified some of the risk factors associated with this alarming increase in the prevalence of nonspecific low back pain during adolescence. These risk factors include the following: female gender, 4, 13, 51, 63, 66 poorer general health, 59 high levels of physical activity, 62, 66 competitive sports participation, 1,35 time spent sitting, 12 heavier backpack weights, 59 exposure to backpack loads (time spent carrying loads), 13, 48, 59 increased back flexor strength, 50 previous back injury, 62 psychologic profile, 2, 4, 8, 47, 51 increased time spent watching television, 62 low physiologic maximum lumbar spine mobility, 36 and a family history of back pain. 2, 62, 66 School backpacks were found to cause back pain in 46.1% of school children. 48 Although smoking has been associated with the presence of low back pain, 39 an analysis of previous literature reports was unable to confirm that smoking is a risk factor for having low back pain develop. 40 Data are inconsistent or inconclusive on the following risk factors: poor posture, joint and muscle flexibility, muscle strength, 8, 33, 64 and obesity. 38, 55 The Effect of Loading on the Human Spine "Efficient erect adult human posture is believed to reflect the least amount of physical activity required to maintain body position in space, and which minimizes anti-gravity stresses on body tissues". 12 Most of the physiologic and biomechanical studies on backpacks have focused on adult use for recreation, military, or industry. 7, 9, 21, [30] [31] [32] [33] 43, 65 Noone et al 53 modeled the human spine as a solid continuous beam column and analyzed spinal muscle and low back forces under symmetric and asymmetric loads. This mathematical study showed that passive lateral bending allowed the spine to balance asymmetric external loads with less musclecontraction forces.
Walking with a heavy load changes posture; subjects carrying a heavy load lean forward and raise their heads. Data gathered from kinetic gait laboratory studies in adults indicate a tendency toward decreased effective intersegmental motion in the thoracic and lumbar spine, when the subjects carried moderate loads. Minimizing oscillations and balancing the load may be important in avoiding injury. The skill level of the subject in carrying heavy loads also was found to affect the extent to which oscillations of spinal segments occurred. Experts tended to have less angular oscillations of different spinal segments in the sagittal plane. 64 The traditional belief regarding the optimum position of backpacks relative to the trunk has been to place loads at the midthoracic to lower thoracic level. However, a prospective randomized experimental study of adolescents found less sagittal plane deviations (forward leaning) when loads were placed at waist level (corresponding to the L3 spinal segment) compared with loads carried at T7 or T12 levels. 12 On the basis of a study of healthy 13-yearold to 16-year-old subjects carrying backpacks 6 concluded that a backpack weighing 15% of body weight resulted in increased forward head position when the weight was carried over both shoulders. In this study, the effect of carrying weights on one or both shoulders also was investigated. There were small but significant differences in craniovertebral and craniohorizontal angles, sagittal shoulder posture, and anterior head alignment. Grimmer et al 14 also recorded differences in the loading response between younger and older students and between boys and girls. They suggested that with linear growth, the spine might invoke different head-on-neck response to loads.
One study on biomechanics in children examined the influence of backpack use on the gait cycle and posture of a group of 10, 11year-old children. 56 This research showed that improper carrying of a backpack by only one strap causes a significant elevation of the strap-bearing shoulder and also lateral bending of the spine away from the weight of the bag. Approximately 3 ⁄ 4 of the children reported carrying their backpack using only one strap. The asymmetrically applied musculoskeletal stresses caused by improper backpack wearing may result in pain. In agreement with other reports, that study found that wearing a backpack with two straps resulted in a forward lean. This cross-sectional study was limited to a small homogeneous population of 11-yearold children and must be expanded to a longitudinal prospective study that includes adolescents experiencing rapid growth.
At the time of writing the current paper, the authors were unable to find any studies in the literature to substantiate any association between the use of backpacks and the onset of structural spinal deformities in adolescents.
Effect of Backpack Weight on Energy Cost and Gait Cycle
Baseline oxygen consumption by adults walking with backpack loads has been used as an indicator of energy expenditure. 9, 21, 22, 31, 32, 43 Considerable attention has been given to the effect of increasing backpack weight on the metabolic cost of walking, measured by oxygen consumption (VO 2 ). In adults, loads of as much as 20% body weight could be carried with no additional increases in oxygen consumption. Beyond this limit, increases in backpack weight were associated with proportionate increases in O 2 consumption. The location of the weight in relation to the center of mass of the body bears a linear relationship to the energy cost of walking. Any position close to the body requires less effort. This fact can be used to advantage in backpack design. An internal frame pack can be carried close to the body and is associated with better perception of comfort by the users compared with external frame designs. 29, 45 It would be expected that carrying heavy objects as close to the spine as possible is advantageous for weight transfer. Similar effects are found in children with no increases in metabolic cost between 0.1% and 15% of body weight. 23 When children carried loads of between 15% and 20% body weight, Hong et al 24 found that the blood pressure took a longer time to return back to the baseline. As a result, 10% of body weight was recommended as the upper limit of backpack weight in children, because this was likely to impact least on metabolic processes in children.
Kinetics of Load Carriage
Combined front-back loading systems produces smaller increases in propulsive force requirements than pure back loading systems. 44 The advantage of combined loading systems may be related to small differences in kinematic variables such as less forward bending of the trunk. Because the aforementioned study was done with adult subjects carrying as much as 40% body weight, the conclusions may not be true for children who usually carry proportionately less loads.
Wang et al 68 found that carrying a load of 15% body weight resulted in decreased walking speed and single support time, and increased double support time during gait. This can be attributed to the need for stability when carrying loads.
Clinical Orthopaedics
The Effect of Backpack Design Legg et al 42 compared the effect of different backpack designs on comfort levels and ratings of perceived exertion in adult test subjects under standardized conditions. The study found that users experienced less discomfort if the backpacks included good back support, optimal size and fit, ease of adjustment and wide, and well-fitting shoulder and waist straps.
Backpack Weight: Is There an Upper Limit?
Research has not yet identified a critical backpack weight per child above which that child is at risk for experiencing back pain. Backpack loads between 7.5% to 15% of the wearer's body weight can be carried without increasing the metabolic cost beyond that which is required to move a person's body weight alone. 57 Adolescent subjects experienced back pain even when the loads they carried regularly were less than 15% of body weight. 15, 28 In one study, Troussier et al 63 showed that 57% of fifth grade and 33.3% of ninth grade French students were carrying a book bag that weighed more than 10% of their body weight. However, this parameter was not associated with the presence of back pain. Nevertheless, the current recommendations are that a child's book bag weight be limited to 10% of his or her body weight. 67 This upper limit also is supported by evidence from a study of 43 Chinese school children with a mean age of 9.6 years that investigated the effect of backpacks and spinal posture on pulmonary function measured by spirometry. 37 The authors concluded that backpack weight beyond 10% decreased forced expiratory volume in the first second and forced vital capacity. They were able to produce the same decreases in measured lung volumes by asking the subjects to assume a kyphotic posture. Results from the Italian Backpack Study indicate that physical fitness may play a role in allowing children to carry loads more efficiently. 46 Among a group of 61 children in the United States who were 11 to 13 years, the mean book bag weight was 7.7 kg, which represented 17% of the student's mean body weight. 38 In an-other study of 123 French eighth graders (14 years old), Viry et al 66 reported that carrying a book bag weighing more than 20% of the wearer's body weight was significantly associated with the occurrence of back pain in the past year and the presence of back pain requiring a doctor's visit but was not associated with current back pain. In the study of Viry et al, the mean school bag weight was 9.6 kg, which corresponded to 19.2% of the mean child's weight, and 49% of the children were carrying book bags that weighed more than 20% of their body weight. The recommended backpack load limit for physically fit adults is 30% 16 ; more than 1 ⁄ 3 of Italian schoolchildren regularly exceeded this load limit. 49 The study of Viry et al was a small (only 123 children) cross-sectional study where the cumulative reported prevalence of back pain was 83% and all the children used schoolbags. A longitudinal prospective study is needed that includes children who do not regularly carry book bags as controls to determine whether regular book bag use is a risk factor for having back pain develop and to identify whether a critical book bag weight exists.
Backpacks and Back Pain
Recent attention has focused on the role of backpack use in the development of low back pain in children. Research has shown that certain physical factors, particularly muscular tension in the neck and shoulders present in adolescence, increase the risk for excess cervical pain later in life. 20 In a cross-sectional study of 1126 children, 12 to 18 years, Sheir-Neiss et al 59 reported that adolescents with back pain were more likely to carry a heavier backpack and to use their backpack more during the school day. Adolescents without back pain were more likely to attend schools that banned carrying backpacks between classes. Another study identified shoulder strain as the limiting factor in load carriage and suggested that prolonged, repetitive strain, similar to that which may be experienced by the daily use of backpacks, may predispose children to back pain in their adult life. 6 Elec-Number 409 April, 2003 Backpacks, Back Pain, Spinal Deformity tronic sensors are available that can measure force and pressure. Such sensors have been used to study backpack use by adults in a controlled setting. 65 The wearing of heavy backpacks by children and adolescents is a worldwide public health issue. Back pain education programs for children and adolescents are being created in many centers. The American Academy of Orthopaedic Surgeons has guidelines for safe use of backpacks and created a public service announcement to address the problem. 25,27 A group of chiropractors have developed Backpack Safety America, a safety and awareness program complete with lectures, poster, and a video. 26 New backpack designs with different sizes for better fit and incorporating ergonometric straps, generous padding, and waist belts are available. These new designs are based on nonpeer-reviewed research in private industry. The backpacks have been evaluated by Consumer Reports 54 but there are no studies showing effectiveness in reducing back complaints. Backpack weight and the time spent carrying it may be reduced by the provision of lockers in schools, thereby reducing exposure to loads. 69 Improved design may be a factor in reducing back complaints in children but other important contributing factors include proper fitting and use of backpacks, reducing the weight carried, and using safe lifting techniques.
